Fingerprints for 72 reference serovar strains of pathogenic Leptospira spp. were obtained by pulsed-field gel electrophoresis (PFGE) following NotI restriction digests of the chromosome. These strains included the serovar reference strains of serogroups Australis, Ballum, Bataviae, Grippotyphosa, Panama, Pomona, and Pyrogenes. Sixty-four serovars could be identified by a unique NotI restriction profile. The remaining serovars were differentiated by chromosomal digestion with SgrAI. These included four serovars from serogroup Australis, two serovars from serogroup Ballum, and two serovars from serogroup Bataviae. Thirteen of 18 recent clinical isolates identified by microagglutination test and cross-adsorption procedure were correctly typed by PFGE. The results indicate that PFGE, which is considerably more rapid than serology, should be useful for identification and epidemiological studies.
weilii, L. borgpetersenii, L. inadai, L. noguchii, and L. santarosai. A seventh group of pathogenic strains has been unofficially named Leptospira alstoni (13) .
Pathogenic Leptospira spp. are divided into serovars by a serotypic classification based on a microagglutination test (MAT) used in a cross-adsorption procedure (9) . Antigenically related serovars constitute serogroups which are composed of 203 serovars in 23 serogroups (14) . The identification of each serovar is tedious, and the method requires the maintenance of a comprehensive collection of reference strains and their corresponding rabbit immune sera (7) . The time required for the identification of unknown strains is at least 2 months, mainly because of the time needed for the preparation of immune serum in rabbits. This long interval does not facilitate epidemiological surveillance (9) .
To explore the genetic basis of Leptospira classification and to facilitate the diagnosis of leptospirosis, studies have been performed by DNA-DNA hybridization (4, 10, 19, 32) , DNA-rRNA hybridization (12, 20) , and restriction endonuclease analysis (REA) (8, 16-18, 22-24, 26-28, 33, 34) . The REA technique has allowed differentiation between closely related serovars. In this procedure, a large number of fragments are generated after restriction with an endonuclease such as EcoRI or HindlIl. The resultant patterns are often smeared as the molecular sizes of the fragments decrease. Consequently, analysis of REA patterns is difficult and time-consuming. DNA hybridization using repetitive sequences (33, 34) or genomics probes (12, 15, 20, 25, (29) (30) (31) , simplifies the interpretation and allows direct identification of specific serovars of Leptospira species from clinical samples. However, the method is still cumbersome even when nonradioactive probes are used (25) . * Corresponding author.
We have been using pulsed-field gel electrophoresis (PFGE) to analyze Leptospira DNA. Not only has it allowed us to determine its genome size (5,000 kbp) (2), but, by using the NotI restriction enzyme, we found that serovars of serogroup Icterohaemorrhagiae yielded unique fingerprint patterns (11) . Moreover, these serovars show a strong genetic stability, since given serovars isolated from different regions of the world have been shown to have identical fingerprints (11) . Here we extend our previous work to incorporate the other most frequently isolated serogroups in human and animal leptospirosis. With few exceptions, most strains could be identified by PFGE. Moreover, we show that the majority of recently isolated clinical strains can be readily identified by this method.
MATERIALS AND METHODS
Bacterial strains and media. A total of 72 Leptospira strains from the National Reference Centre Collection (Paris, France) were studied. These include all serovar reference strains of serogroups Australis, Ballum, Bataviae, Canicola, Grippotyphosa, Panama, Pomona, and Pyrogenes (Table 1) . In addition, 18 recent clinical isolates (low-passage strains with less than 10 subcultures) from France, New Caledonia, Tahiti, Korea, Turkey, and Vietnam (isolated from blood, cerebrospinal fluid, and urine between November 1989 and April 1991) and belonging to serogroups Bataviae, Canicola, Grippotyphosa, Pomona, and Pyrogenes were analyzed (Table 2). Methods for serological identification (9) and growth of strains have been previously reported (11) .
DNA extraction and digestion and PFGE. Except when noted in the text, PFGE experiments were performed as described previously (11) . SgrAI (CPu/CCGGPyG) was purchased from Boehringer. Most experiments made use of a Pharmacia-LKB apparatus (Uppsala, Sweden); where noted, a clamped homogenous field electrophoresis apparatus (CHEF DR-II; Bio-Rad Laboratories, Richmond, Calif.) was used. Multimers of the DNA from a 44.3-kbp bacteriophage X derivative (6) and Saccharomyces cerevisae chromosomes (Bio-Rad) were used as standards. 11 and 12) .
The use of SgrAI allowed us to differentiate between these serovars. These serovars differ by the presence of one band (180 kb) in jalna and lora and one band (260 kb) in bratislava and muenchen (Fig. 1B, lanes 2, 3, 4 , and 5). Serovars lora and jalna and serovars bratislava and muenchen were differentiated on the basis of a 325-to 350-kbp fragment present only in serovars lora and bratislava (Fig. 1B, lanes 2 and 5) . Table 2 ). The serogroup of each strain was identified by the MAT technique and, in addition, the serovar was identified by a cross-adsorption test (9) .
These clinical strains represented 29% of all the strains isolated or received in the laboratory for identification between November 1989 and April 1991. The remaining strains (a total of 45) belonged to serogroup Icterohaemorrhagiae serovar icterohaemorrhagiae; the results for these strains have been reported previously (11) . The 29% of the total strains reported here are from serogroups Bataviae (2 of 18), Canicola (3 of 18), Grippotyphosa (3 of 18), Pomona (8 of 18), and Pyrogenes (2 of 18).
We compared the NotI restriction pattern of each clinical isolate with the NotI restriction patterns of all serovar reference strains belonging to the identified serogroup. This method allowed us to correctly identify 13 of the 18 clinical strains (Fig. 3, lanes 13 and 14; Fig. 4B, lanes 4 and 5; Fig.  5B, lanes 3 and 4; Fig. 6B, lanes 3 to 9) . These 13 recent clinical isolates present a NotI restriction pattern identical to that of the "leader" serovar reference strain of the identified serogroup (Table 1 , footnote a). Note that these strains were isolated from different geographic areas ( these strains were identified by the MAT and cross-adsorption procedures as Canicola serovar canicola (Fig. 4B , lane 6), Grippotyphosa serovar valbuzzi (Fig. SB, lane 2) , Pomona serovar mozdok (Fig. 6C, lane 4) , and Pyrogenes serovar pyrogenes (Fig. 7C, lanes 3 and 4) .
DISCUSSION
We have used PFGE to determine the NotI (and in some cases the SgrAI) digestion fingerprints for approximately half of the known serovars of pathogenic Leptospira spp. (reference 11 and this study). Our results indicate that 64 of 72 serovars can be identified by their NotI restriction patterns. The distinction between serovars by PFGE is significant, as it indicates that the serological system for serovar classification has a recognizable genetic basis. On the other hand, no correlation was observed between different serovars of a particular serogroup and their PFGE digestion fingerprints (reference 11 and this study). Similar conclusions have been suggested by Marshall et al. using REA (17) . REA confirmed the hypothesis that serogroup classification has no biological significance apart from serological typing. In addition, few relationships were observed between DNA-DNA homology and PFGE pattern. We have shown that serovars, within a given genomic species, have different PFGE fingerprints. Strains could have evolved differently from a common ancestor, depending on the adaptability to different ecological niches. In such different environments, bacterial DNA could have evolved, giving rise to minor changes detectable only by restriction fragment length polymorphism analysis. Restriction fragment length polymorphism analysis was introduced in 1980 as a powerful tool for detecting small differences (i.e., single base pair changes) among DNAs of closely related organisms as detected by conventional genomic analysis (3). Other arguments could be given to explain the lack of correlation between PFGE and the definition of a species based on DNA-DNA homology. The simplest explanation may be that the restriction site distributions are related to differences in DNA methylation (1); however, NotI seems to be less sensitive to this modification (1). The most interesting possibility is that the restriction site redistribution is due to significant genomic rearrangements, mainly by translocations, inversions, or distribution of repetitive elements (33) , rather than to large insertions or deletions, as indicated by the strong DNA-DNA homology.
The power of PFGE as an identification tool is shown by the consistency of the results obtained by conventional methods and PFGE for the 63 clinical isolates from humans or animals obtained from endemic countries (reference 11 and this study). Note that eight serovars of serogroups Australis, Ballum, and Bataviae with similar NotI restriction patterns could be distinguished only by using SgrAI. These results were in agreement with REA (8) and DNA-rRNA hybridization results for serogroup Australis but were first demonstrated here for serogroup Ballum. For serogroup Bataviae, the fingerprint identity between serovars bataviae and losbanos is well correlated with a previous analysis (14) .
The five recent clinical isolates belonging to serogroups Grippotyphosa, Pomona, and Pyrogenes could not be identified by comparing their NotI restriction patterns with those of all the reference serovars within a serogroup. Their identification according to serovar (see Results) showed divergence between the serological technique and PFGE. In addition, the two strains from serovar hardjo, Hardjoprajitno and Hardjo-Bovis, also showed divergence. These two strains, which are very difficult to distinguish serologically, have, however, very distinct PFGE patterns (data not shown), in agreement with REA results (22, 26) .
We observed that 13 of the 18 recent clinical isolates tested possessed a NotI restriction pattern similar to that of the leader serovar reference strain (Table 1 , footnote a) of the serogroup to which they belonged. The results suggested that most serovars do not vary in their PFGE fingerprint regardless of their origin. The leader serovar reference strains of the serogroups (Table 1 , footnote a), being the first isolated, seem to be the most abundant in nature.
The speed and reproducibility of PFGE represents a powerful technique for identifying Leptospira strains. The NotI restriction profiles for 100 of the 203 reference serovars are known (reference 11 and this study). We have been able to identify 92% (58 of 63) of recent clinical isolates received in the laboratory within 6 days after subculture (reference 11 and this sfudy). This identification method is presently performed routinely in our laboratory. We first identify the serogroup of the clinical isolate by MAT, and concomitantly 
